METHOD AND APPARATUS FOR 
CONTROLLING A CAUSTICIZING PROCESS 



CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application is a Continuation of International Application 
PCT/FI00/00489 filed on 31 May 2000, which designated the U.S. and was published 
5 under PCT Article 21(2) in English, and which is incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] The invention relates to a method for controlling a causticizing 
M ' process which comprises slaking, causticizing and the preparation of white liquor, the 

: : St. 

;;i 10 slaking being carried out using a slaker into which green liquor and lime are fed to 
!|3 produce lime milk. 

Yz: [0003] The invention further relates to an apparatus for controlling the 

W causticizing process which comprises slaking, causticizing and the preparation of white 

B P liquor, the slaking taking place in a slaker into which green liquor and lime are arranged 

i mA 15 to be fed to produce lime milk. 
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BACKGROUND OF THE INVENTION 
[0004] The aim in causticizing is to react lime exiting a lime sludge 
reburning kiln with green liquor exiting a soda recovery boiler in appropriate 

20 circumstances and in a suitable mixture ratio to produce white liquor of a desired quality 
and lime mud, i.e. calcium carbonate CaC03. The causticizing process can be divided 
into three phases: slaking, causticizing and white liquor preparation. The most important 
phase in the process is the feeding of lime into the slaker/screening unit where the lime is 
slaked, and the causticizing reaction begins. The causticizing process is therefore 

25 typically controlled by controlling the operation of the slaker, which is currently based on 
controlling the lime to green liquor ratio and the difference between the temperature in 
the slaker and that of the green liquor. The ratio control aims at maintaining a correct lime 
feed level in all circumstances, and the temperature difference control is used to 
compensating for changes in lime quality or quantity by changing their ratio as the 

30 temperature difference changes. This is based on the exothermicity of the slaking 

reaction: changes in lime quality or quantity are manifested by changes in the temperature 
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difference between the slaker and the green liquor entering the slaker. However, the ratio 
or the temperature difference does not tell the real state of the process. 

[0005] Various automated titrators have been used to further improve the 
control. A titrator provides reliable information about the composition of green liquor and 
5 lime milk at intervals of about 10 minutes. The results allow the settings of the 

temperature difference control and the ratio control to be changed to obtain optimal end 
product quality. The most commonly used variable in the control is white liquor 
causticity, i.e. conversion of sodium carbonate to sodium hydroxide, which is an active 
compound in pulping. 

10 [0006] The ratio control is a rough adjustment connected to operate in a 

feedforward manner with respect to a green liquor flow rate controller. In some control 
solutions, analysis results provided by the automated titrator are applied to directly 
influence the set value of the ratio control on the basis of a mathematical formula that 
takes into account aspects such as the causticity prevailing after the slaker and the last 

15 causticizing vessel, green liquor quality, etc. The change in the set value of the ratio 
control is always calculated after the titration has been completed. 



JE [0007] Temperature difference control arranged in addition to ratio control 

provides an end product of a more uniform quality, because in a short run changes in lime 
q quality or quantity can be corrected by influencing the ratio control. An automated titrator 

1 y 20 and a temperature difference control allow a discontinuous absolute measurement to be 
(3 combined with continuous relative measurement. In previous solutions attempts have 

M been made to apply a mathematical formula to the results provided by the titrator and the 

measurements of green liquor and the slaker to calculate a suitable temperature difference 
change that would allow a desired lime milk causticity and/or white liquor causticity to be 
25 obtained after the slaker. The change with respect to the set value of the temperature 
difference is always calculated after the titration has been completed. A common aspect 
of these known control methods is that the causticizing degree achieved after the slaker is 
kept constant during the entire control process. 

[0008] However, a major problem in the slaker control is the variations taking 
30 place in the green liquor temperature and density despite the control. Changes in green 
liquor density, and thereby in the total titratable alkali TTA, as well as temperature 
changes cause disturbances in the slaker control. A change in the TTA affects the 
chemical balance of the causticizing process directly; it changes the kinetics of the 
process and, together with sulphidity, it determines at the same time a theoretical 
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maximum for causticity. Temperature changes in green liquor distort the information 
supplied to temperature difference control, because in the slaker temperature the changes 
appear both as delayed and filtered. In other words, they are incorrectly manifested as 
quality changes to the temperature difference control. 
5 [0009] Sometimes the physical and chemical quality of lime is such that 

despite the temperature difference control and a uniform lime feed, great fluctuations 
appear in temperature differences and, thereby, in causticities. Changes in lime quality 
emerge in the lime sludge reburning kiln, or when lime mud is fed into a lime silo. 
Production changes, raw material variations, mechanical disturbances, etc., affecting the 

1 0 lime sludge reburning kiln change the granular size of lime and both its physical and 
chemical structure, which in turn changes its slaking properties, caustic efficiency and 
flow properties. The degree of filling of the lime silo affects the packing, temperature and 
behaviour of lime in the feed screw. When all the lime has been spent, or fresh, reactive 
lime is introduced, the temperature difference in the slaker and the causticities change 

1 5 radically in a short period of time. 

[0010] Problems also arise from lime feed: for example, the scaffolding of the 
silo and the wearing of the feed screw cause disturbances in lime feed which cannot be 
corrected with conventional methods, either due to lack of time or efficiency. Wearing of 
and disturbances in the lime feed equipment, as well as changes in lime quality, cause 

20 instability, disturbances and hysteresis in the control settings which is shown in that the 
change in the temperature difference in response to a change in the lime to green liquor 
ratio is delayed. The delay, in turn, causes oscillation in the control, thereby degrading the 
quality of the end product. 

[0011] Problems are also caused by the interval of automated titrations; the 

25 minimum interval is 10 minutes and, in practice, the interval for the most significant 
measurements is over 20 minutes. In addition, the completion of the titration after the 
sampling takes several minutes. Long titration intervals retard the total control process 
because the temperature difference control settings can only be changed after the titration 
is completed. 

30 [0012] Further problems are caused by process delays. For example, the 

minimum time from the lime feed to the titration taking place after the slaker is half an 
hour, the titration performed after the last causticizing vessel consuming typically 3 to 4 
hours. Delays are known to cause problems of control, because the longer the time from 
the measured disturbances and changes, the more difficult it is to influence them. 



[0013] Long and changing delays, changes in green liquor quality and in lime 
quality and quantity make it almost impossible to use both the causticity after the slaker 
and that after the last causticizing vessel for active control. Known methods have 
attempted to take into account measured and titrated variable values and changes in them 
when calculating changes in either the temperature difference control or the ratio control. 

[0014] A basic problem involved in a control system employing a titrator and 
based on the ratio control alone is that it does not take into account changes taking place 
between the titrations at all. Depending on the condition of the titrator, measurements 
have to be filtered, or even rejected, if they deviate too much from the previous titrations. 
Nevertheless, it is not certain whether an individual result is a real one or whether it 
includes a deviation caused by process conditions or the titrator. Moreover, the control 
process must be made slow, because great variations in set values cause a discretely 
adjusted process to oscillate easily. Since the process is affected by transit time delays and 
measurement delays, a discrete control employed alone will ultimately lead to a situation 
where the measurement deviates from the set value to such an extent that the correction is 
either too slow, or it causes the process to oscillate on both sides of the set value. In both 
cases, quality is impaired and production is lost due to low causticity or the blocking of 
the white liquor filter. In addition to this, the observations relating to lime feed and 
causticity restrictions described below are valid. 

[0015] In applications employing a titrator and based on temperature 
difference, the discreteness of control has been eliminated because the temperature 
difference shows even major changes taking place at short intervals quickly and in real- 
time. There are still a few aspects that have not been taken into account in known 
solutions, for example problems related to lime feed and the correlation between 
production phase and causticities. Furthermore, these solutions lack the actual dynamics 
that allow the control system to be active almost in every situation without the operator 
being required to intervene in the set values or the state of the control system. One 
example is applications where the causticity set value must be changed every time 
production changes. 

[0016] WO publication 98/10137 discloses a solution for controlling the 
causticizing process by calculating the causticizing degree to control lime feed. The 
proportions of the different green and white liquor components are measured, and the 
causticizing process is controlled using for example a neural network or fuzzy logic. The 
solution is fairly complex and does not produce a sufficiently good end result for the 
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control in all respects. 

[0017] US Patent 5,378,320 discloses a solution where samples are taken 
from the causticizing process, the properties of the samples being determined by applying 
infrared spectrophotometry. The measurement results are used for controlling the amount 
5 of lime. Also this solution does not provide a sufficiently good causticizing process 
control in all respects. 

[0018] FI Patent 66,662 discloses a solution for controlling the causticizing 
degree by taking samples from the liquid (white liquor) exiting the slaker and the liquid 
(green liquor) fed to the slaker. The causticizing degree is controlled on the basis of the 

10 carbonate-ion content of these samples. The carbonate-ion contents are determined using 
a specific analyzer where the carbonate included in the sample is converted to carbon 
dioxide, the amount of which is then measured. This allows the amount of carbonate 
included in the sample to be concluded and, thereby, the amount of calcium oxide to be 
added to the causticizing process to be controlled. The patent also describes factory tests 

15 where the concentration of the green liquor, i.e. its carbonate content, is first monitored 
by applying density determination to provide comparison data, then calcium oxide is 
added, and finally the above mentioned analyzer is used for determining the carbonate-ion 
contents of both the green and the white liquor. The amount of calcium oxide added is 
controlled on the basis of the measured carbonate-ion contents, which allows the desired 

20 causticizing degree to be achieved. However, all in all the solution of the invention does 
not allow the causticizing process to be controlled in a satisfactory manner. 

[0019] FI Patent 76,137 discloses a method for controlling white liquor 
properties by measuring the electrical conductivity of green liquor and by determining a 
TTA value for example by measuring the specific weight, or the absorption of gamma 

25 radiation, of the green liquor. The use of an electrical conductivity meter involves several 
drawbacks. For example, the measurement of electrical conductivity is often very 
inaccurate because temperature and electrical and other disturbances affect the 
measurement result to a considerable extent. Furthermore, the equipment must be 
calibrated quite often. Therefore, also in this case the causticizing process cannot be 

30 controlled in an entirely satisfactory manner. 

[0020] It is an object of the present invention to provide a method and an 
apparatus for eliminating at least some of the above problems. 
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SUMMARY OF THE INVENTION 
[0021] The method of the invention is characterized in that the causticizing 
process is controlled by applying a model that describes at least a part of the process. 

[0022] The apparatus of the invention is characterized in that the apparatus 
5 comprises means for controlling the causticizing process by applying a model that 
describes at least a part of the process. 

[0023] An essential idea of the invention is that the causticizing process is 
controlled by applying a model that describes at least a part of the process. According to a 
preferred embodiment of the invention, green liquor density is controlled on the basis of a 
10 total titratable alkali, or TTA, obtained from an alkali analyzer. The TTA is used for 
calculating a target value for density by applying an offset determined by means of the 
model. Another preferred embodiment is based on the idea that the slaker is controlled on 
the basis of the temperature difference between the slaker and the green liquor in such a 
way that the set value for the temperature difference control is corrected on the basis of 
15 the difference between the target causticity for lime milk and the titration. The lime milk 
causticity target is the difference between white liquor causticity and a production- 
dependent variable, the difference being derived employing a model that provides values 
changing according to situation. A third embodiment is based on the idea that the lime to 
green liquor ratio is controlled in such a way that the ratio is corrected using the 
20 temperature difference control. When the temperature difference deviates from the target, 
the ratio target is corrected to the opposite direction. A fourth embodiment is based on the 
idea that when production changes, the lime to green liquor ratio is changed on the basis 
of the model. 

[0024] An advantage of the invention is that the causticizing process produces 
25 a white liquor quality required by the digester which is more uniform than before, and 
that the process is self-timing. In addition, the invention allows for automated start-up, 
and the white liquor causticity target can be determined automatically or manually. 
Moreover, the process is able to identify certain disturbances, make the necessary 
corrections and produce notifications and alarms. A further advantage is that the boiling 
30 of the slaker and excess lime application can be prevented. The process methods applied 
in different work shifts at the plant can be harmonized and also changes can be kept well 
under control. At the same time, the quality of lime mud can be improved, which in turn 
improves the operation of the lime sludge reburning kiln. By controlling of the green 
liquor density, a uniform green liquor quality is ensured. The direct green liquor density 



control according to the invention is very easy to implement. In a short run, density 
correlates extremely well with the total titratable alkali, i.e. the direction of the density 
change shows the direction of change of the total titratable alkali and the measuring of the 
TTA, for example, allows the density value to be directly obtained. Furthermore, the 
5 meter used in the density measurement is significantly more reliable and stable than a 
meter used for measuring electrical conductivity. A density meter is also easier to use: for 
example, it does not need to be calibrated often, about twice a year is sufficient. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0025] The invention will be described in greater detail with reference to the 

accompanying drawings, in which 
;, j: [0026] Figure 1 is a schematic view of a causticizing process and a control 

;:= ! solution of the invention used in the process; 

s;5 [0027] Figure 2 is a diagram showing the calculation of an offset used when 

! ^ 15 converting TTA to density; 

Q [0028] Figure 3 is a diagram illustrating the use of the offset calculated as 

F ; shown in Figure 2; 

[0029] Figure 4 is a schematic view of the causticizing process and another 
control solution of the invention used in the process; 
;! 20 [0030] Figure 5 is a curve illustrating a static model of a causticizing 

;J difference; 

[0031] Figure 6 is a diagram illustrating the correction of the target values for 
temperature difference control and ratio control; and 

[0032] Figure 7 illustrates a static model of a change in lime to green liquor 
25 ratio in a situation where production changes. 

DETAILED DESCRIPTION OF THE INVENTION 
[0033] The causticizing process can be divided into slaking 1, causticizing 2 
and white liquor preparation 3. In the slaking green liquor and lime, i.e. calcium oxide 
30 CaO, is fed to a slaker 4 from a lime container 9 to produce lime milk. In lime slaking, 
calcium oxide CaO is reacted with hot water H 2 0 contained in the green liquor to 
produce calcium hydroxide Ca(OH) 2 and heat. The reaction can be expressed by the 
following formula: 
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[0034] H 2 0 + CaO -> Ca(OH) 2 + heat 



[0035] The slaker 4 and a screening unit 5 are interconnected by openings 
through which the lime milk flows into the screening unit 5. In the screening unit 5 the 
5 lime milk is mixed with green liquor fed directly to the screening unit, as a result of 
which sand and quick lime are separated from the lime milk and impurities fall down on 
the bottom of the screening unit 5. The screening unit 5 mechanism moves the deposit 
upward from the bottom, and lime milk flows to causticizing 2. 

[0036] The causticizing 2 is a process where hydrated lime Ca(OH) 2 is 
10 reacted with sodium carbonate Na 2 CC>3 contained in the green liquor to produce sodium 
hydroxide NaOH and lime mud, or calcium carbonate CaCC>3. The reaction can be 
u expressed by the following formula: 

b 



M. 
O 
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[0037] Ca(OH) 2 + Na 2 C0 3 ^NaOH + CaC0 3 



[0038] The causticizing reaction is immediately activated when calcium 
hydroxide is generated in the slaking, and the reaction continues until it has reached a 
specific balance. It takes some time, a few days even, before the balance is reached. In 
industrial scale, it is sufficient to dimension the causticizing containers 6 for a delay of 
; y 20 1.5 to 3.0h, depending on the method of preparing the white liquor. The aim is to obtain a 
q causticizing degree of over 80% in the white liquor produced. The causticizing reaction 

takes place primarily in serially connected causticizing containers 6. The causticizing 
containers 6 are provided with a mixer that prevents the lime mud from falling down. In 
the causticizing 2, lime milk flows from the screening unit 5 to a first causticizing 
25 container 6, then to a next one, etc. There are typically three causticizing containers 6. 
From the last causticizing container 6, the lime milk flows to a white liquor preparing 
process 3. 

[0039] In the white liquor preparing process 3, lime mud is separated from 
water and alkali dissolved in the water at a temperature of more than +70°C. The lime 
30 mud can be separated from the white liquor mechanically, for example by clarifying or in 
a filter 7. The causticizing process is fully known per se to a person skilled in the art, and 
therefore it is not described in greater detail in this context. 

[0040] Figure 1 shows the control of green liquor density by applying the 
invention. In the Figure, the slaker controls are described by reference only, more detailed 
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description of the controls being given in connection with Figure 4. Green liquor density 
D is controlled by means of a density controler DC which is used to control the amount of 
weak white liquor to be fed into the green liquor. Furthermore, the green liquor density is 
controlled on the basis of the total titratable alkali TTA. The total titratable alkali TTA is 
5 the sum of all titratable sodium compounds, i.e. sodium carbonate NaCC>3, sodium 
hydroxide NaOH and sodium sulphide NaS. An alkali analyzer 8 measures the TTA of 
the green liquor, i.e. TTA], the TTA of the lime milk prior to the causticizing 2, i.e. TTA2 
and the TTA of the lime milk after the causticizing 2, i.e. TTA3. The TTA can also be 
arrived at by calculation based on another measurement, such as the measurement of 
10 conductivity. 

[0041] The target TTA values are used to calculate a set value for density by 
I, j, means of a model. The model is calculated using momentary values of the TTA and 

density, or average values of a longer period, such as 8 or 24 hours, depending on the 
state of the process and the titrator. In other words, green liquor density D is controlled on 
15 the basis of the TTA obtained from the alkali analyzer 8. For example, at the start-up of a 
specific causticizing line, or when an automation module is for some reason updated, the 
«P value for the density D is always stored when a new green liquor titration is completed. 

I __ s The green liquor TTA and the momentary density are used for calculating an offset which 

Q is applied when density is converted to TTA and vice versa. The calculation of the offset 

™! 20 is shown in the diagram of Figure 2. When a sufficient flow and regular titrations have 
been obtained for example for 8 hours, 8-hour averages of the variables concerned are 
applied in model. Similarly, when a sufficient flow and regular titrations have been 
obtained for example for 24 hours, 24-hour averages of the variables concerned are 
applied in model. These times serve only as examples, averages of any other time from 1 
25 to 40 hours, for example, being equally well applicable in the model. 

[0042] Depending on the titration sequence of the alkali analyzer 8, for 
example 1 to 20 TTA analysis results, typically 2 to 4, are obtained during a plant work 
shift. The offset is calculated on the basis of a longer period of time, such as 1 to 40 
hours, for example for 8 or 24 hours, and it is continuously updated. The offset is used for 
30 calculating a continuous TTA based on a continuous, filtered density measurement value. 
The following formula is used for converting density to TTA: 

[0043] TTA = kk*D - os, 
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[0044] where TTA is the green liquor total alkali; 
[0045] kk is an angular coefficient; 
[0046] D is the green liquor density; and 
[0047] os is the calculated offset. 
5 [0048] TTA is converted to density correspondingly, by applying the 

following formula: 



[0049] D = (TTA + os)/kk. 



10 [0050] The model employs a constant angular coefficient kk, the value of 

which is between 0.9 and 1.4, provided that the unit used to express the TTA and the 
density is the same (such as g./lit). The most preferred value of the angular coefficient kk 
is about 1.12. When different units of measurement are used, the angular coefficient kk 
naturally changes accordingly, and it is provided with a value other than zero. 

15 [0051] Figure 3 shows how the described offset is used for calculating a target 

density, continuous TTA and theoretical causticity maximum. Figure 3 also shows how 
the TTA control operates. The control is implemented by setting a target value to the 
TTA which is then converted to a set value for density. A continuous TTA value is 
arrived at by means of the green liquor density D, offset os and angular coefficient kk. On 

20 the basis of the model and white liquor sulphidity, a maximum theoretical causticity can 
be calculated by applying a Goodwin curve offset, for example. 

[0052] Causticity percentage C% illustrates the ratio of hydrated calcium 
carbonate to a total calcium carbonate participating in the reaction, and it can be 
expressed using the following formula: 




30 [0056] Figure 4 shows the causticizing process and a more detailed view of 

the slaker control of the invention implemented with the alkali analyzer 8. For the 
temperature difference control, green liquor temperature Tl and slaker temperature T2 are 
measured, the difference between the temperatures being then used for controlling the 
lime to green liquor ratio CaO/SL by regulating the lime feed using means 10 to adjust 
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the amount of lime fed. The set value for the temperature difference control is corrected 
on the basis of the difference between the causticity target of a filtered or averaged lime 
milk and the causticity titration or titrations. The causticity target of lime milk primarily 
depends on the production level and the set value for the white liquor causticity and the 
5 white liquor titrations. The set value for the white liquor causticity is determined by the 
operator, the production phase determining the difference between the white liquor 
causticity and that of lime milk. Consequently, the actual lime milk causticity target is 
provided by the difference between white liquor causticity and a production-dependent 
variable. The difference is obtained on the basis of a production-line-specifically tuned 
10 model. Figure 5 illustrates a curve of a preferred example of a static causticity difference 
model. The static model in question describes the development of the causticity 
il prevailing after the slaker to white liquor causticity. Green liquor flow F is controlled by 

0 means of a flow controller FC, information for determining the set value for the 

}% temperature difference of causticity and for lime feed being supplied from the controller. 

Ul 1 5 The target causticity value for white liquor and the production level together determine 
the causticity target for lime milk. The white liquor causticity is used for correcting the 
»p; final causticity at the appropriate level. The temperature difference target is corrected 

: f t using the causticity difference of lime milk. 

□ [0057] The static model for causticity difference is corrected dynamically by 

1 U 20 calculating a quotient of an average of the differences in white liquor and lime milk 

causticities and a difference provided by the above described model on the basis of the 
M production average. The quotient thus obtained is multiplied by a difference provided by 

the model, a set value better corresponding to the prevailing situation being thereby 
obtained. This aims at making the white liquor causticity average correspond to the target. 

25 The correction coefficient is calculated on the basis of averages of a longer time period, 
such as 2 to 40 hours, for example for 8 or 24 hours, depending on how long the green 
liquor flow has been sufficient and the time elapsed from the previous titration. Minimum 
and maximum values are set for the correction. A correction to be made to the 
temperature difference is calculated on the basis of the difference between the filtered or 

30 averaged lime milk causticity target and the result of the analysis. The difference is 
filtered and multiplied by a fixed parameter, the result being then summed with the 
temperature difference target, provided that certain process- and status-related conditions 
are fulfilled. Such conditions include "titrator control on", "lime milk titration 
completed", "titration value within acceptable range", "change to previous within 



acceptable range", "ratio of delayed and filtered temperature difference value to causticity 
difference within predetermined range". Some of the conditions are shown in Figure 6. 
The target value for temperature difference control is limited to a minimum of 0°C and 
maximum of 0.5°C below the theoretical boiling point of the slaker. Another way to 
5 implement the above described model dynamically is to compare the causticities of white 
liquor and lime milk directly. 

[0058] The lime to green liquor ratio, or CaO/SL, is corrected by means of the 
temperature difference control. This requires that the slaker is controlled using both the 
CaO to SL ratio and the temperature difference. When the temperature difference deviates 
10 from the target, the ratio target is corrected into the opposite direction. When desired, the 
control of the CaO to SL ratio can also be designed in such a way that the temperature 
U4 : difference control is bypassed. 

|; 3 [0059] The titration results obtained from the alkali analyzer 8 are used for 

jjjjl changing the set value for the temperature difference, and also directly for correcting the 

Ui 15 set value for the ratio control. The CaO to SL ratio is acted on when a production change 

m 

«i j takes place and when the lime milk causticity or the temperature difference is outside the 

»P acceptable range. 

[0060] Changes in production change delays as well, and this has to be taken 
into account by changing the lime to green liquor ratio. This allows the correct causticity 
20 range to be achieved quicker. When production changes, the ratio is changed accordingly 
with the aim of obtaining a lime feed change which is equal to the relative change in the 
green liquor flow. The model for the ratio change in connection with a production change 
is illustrated by a curve shown in Figure 7. 

[0061] The difference between the lime milk causticity titration and the target 
25 causticity changes the lime to green liquor ratio to the opposite direction. When the 
difference exceeds the acceptable upper limit, a downward change proportional to the 
difference and bigger than previously is introduced in the ratio control setting so as to 
avoid excess lime application. When the difference is below the lower limit, the setting is 
corrected upward, although applying a smaller coefficient than in the opposite situation. 
30 Another way of filtering the titration is to accept control values appearing in a causticity 
range where the lower limit is constant and the upper limit exceeds the target by for 
example 2.5 causticity %. In addition, the lime to green liquor ratio is always reduced by 
a constant amount when two successive titrations have exceeded the upper acceptable 
limit when the control has been on. This principle is shown in Figure 6. 
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[0062] When the temperature difference deviates from the target too much, 
the lime to green liquor ratio will be acted on, bypassing the temperature difference 
controller. The ratio is then changed into a direction opposite to the temperature 
difference in direct proportion to the difference. A pause of 20 minutes follows the 
change, and during this pause it is not possible to make a change in the same direction 
even if the temperature difference remained above or below the limit. Another change is 
made after the pause, if the temperature difference still deviates from the target. If not, 
then basic control is re-assumed. If the difference first deviates downward and then 
immediately upward, exceeding the acceptable limit, or vice versa, a change can be made 
to the reverse direction without pauses. 

[0063] The drawings and the related specification are only meant to illustrate 
the idea of the invention. The details of the invention may vary within the claims. The 
blocks in the block diagrams of the Figures also illustrate devices that can be used for 
performing the operation of the blocks. 
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